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Abstract : Farmers in the highlands of Ethiopia often plant Eucalyptus 
on their farmlands. However, growing Eucalyptus , especially on farm¬ 
lands suitable for crop production has become a great concern due to its 
alleged long-term site effects. Our study was conducted at Koga water¬ 
shed, Mecha District, northwestern Ethiopia to investigate whether crop¬ 
lands afforested with Eucalyptus camaldulensis Dehnh. can be restored 
for annual crop production after tree harvest. We compared growth and 
yield of two agricultural crops, barley ( Hordeum vulgare L.) and finger 
millet (Eleusine coracana (L.) Gaertn.), grown in clear-felled stands of E. 
camaldulensis and continuously cultivated croplands at twelve paired 
farmlands under a conventional farming system. Plant height and dry 
matter production were evaluated as indices of crop growth, while grain 
weight was evaluated as an index of crop yield. Crop growth and yield 
measurements averaged over all farmlands differed between land-use 
types. For both crops, plants grown on clear-felled stands were taller than 
on croplands. Dry matter production and yield were also significantly 
greater in crops cultivated on clear-felled stands. Cropland aboveground 
and belowground dry matter productions were lower by 31.8 and 25.4% 
for barley and 32.8% and 37% for finger millet, respectively. Clear-felled 
stands gave an average yield of 2.91 t-ha" 1 for barley and 3.27 tha' 1 for 
finger millet while cropland gave a yield of 1.97 and 2.31 t ha" 1 for barley 
and finger millet, respectively. Farmers also responded that farm plots on 
former eucalypt plantations showed greater crop growth and yield than 
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did continuously cultivated croplands. Farmers perceived that Eucalyptus 
plantations improved soil fertility and they preferred clear-felled stands 
for crop production and wished to plant Eucalyptus on their farmlands. 
Our results suggest that conversion of agricultural lands to Eucalyptus 
plantations can increase post-felling yields of cereal crops. 

Keywords: barley, finger millet, land-use change, reclamation 

Introduction 

Previously, following land degradation and shortage of wood for 
various uses, large forest plantations, mainly of Eucalyptus spe¬ 
cies, were established on degraded agricultural lands (Pohjonen 
and Pukkala 1990). To date, smallholder farmers in the highlands 
of Ethiopia have planted various species of Eucalyptus (hereafter 
referred to as eucalypts) on their farmlands that are suitable for 
annual crop production. Growing demand for wood and reduced 
wood supply from the remaining natural forests have led to rapid 
expansion of eucalypt farm forestry in the highlands. High eco¬ 
nomic returns from eucalypt production compared with tradi¬ 
tional crop farming (Lemenih 2010) raised interest in eucalypt 
farm forestry and led to conversion of croplands to eucalypt 
woodlots (Jenbere et al. 2012). However, the conversion of 
farmlands to eucalypt stands has raised concerns because euca¬ 
lypts are claimed to cause undesirable impacts on agricultural 
crop productivity. Previous studies conducted in the highlands of 
Ethiopia showed the negative impact of eucalypt planting in 
farmlands on the nearby crops. Agricultural crops, when grown 
adjacent to eucalypt stands, displayed reduced growth and yield 
(Gindaba 2003; Jagger and Pender 2003; Kidanu et al. 2004, 
2005; Chanie et al. 2013). Various eucalypt species have report¬ 
edly influenced agricultural crop growth and yield by modifying 
soil moisture and nutrient conditions (Michelsen et al. 1993; 
Gindaba 2003; Lemenih et al. 2004; Chanie et al. 2013), casting 
shade (Chanie et al. 2013) and releasing allelochemicals (Li- 
sanework and Michelsen 1993; Ahmed et al. 2008). 

For fear of crop loss, urgency of food security and saving 
more land for food production, measures which discourage 
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planting eucalypts on farmlands have been taken in some parts of 
country. For example, the Tigray Regional government has al¬ 
ready banned planting eucalypt species on farmlands (Jagger and 
Pender 2003); and in the Amhara Region of Koga watershed 
large areas of eucalypt stands on farmlands were cleared and 
de-stumped for agricultural crop production. Government offi¬ 
cials (experts) in Meskan District, southern Ethiopia, discour¬ 
aged eucalypt expansion on farmlands while the fanners in the 
study area were interested to plant more eucalypt trees due to 
their high economic return (Adimassu et al. 2010). 

Studies conducted so far mainly focused on the magnitude to 
which crop growth and yield is reduced when eucalypt trees are 
planted near or adjacent to fannlands (e.g. Jagger and Pender 
2003; Kidanu et al. 2004, 2005; Chanie et al. 2013). These stud¬ 
ies warned of the detrimental effects of eucalypts grown on or 
near farmlands that are to be used for crop production. There has 
been widespread concern that the land planted to eucalypts can¬ 
not reach the desired reclamation outcome owing to the per¬ 
ceived long tenn site deterioration allegedly caused by eucalypts 
(Gindaba 2006). Studies of the potential to restore annual crop 
production on areas planted to eucalypts are yet to be carried out. 
There is, therefore, a need to determine the extent to which 
growth and yield are influenced when agricultural crops are cul¬ 
tivated on clear-felled and de-stumped eucalypt stands that re¬ 
placed previous crop fannlands under the existing crop produc¬ 
tion systems. In this study, we aimed to: (1) examine the growth 
and yield of two crops, barley and finger millet, cultivated on 
clear-felled and de-stumped eucalypt stands to assess whether 
farmlands replaced by eucalypt stands can be reused for annual 
crop production; (2) assess farmers’ observation on the growth 
and yield of agricultural crops cultivated on sites of cleared 
eucalypt plantations; and (3) investigate farmers’ perceptions 
about the effects of eucalypts when they are planted on farm¬ 
lands suitable for crop production. 


Materials and methods 

Study area 

The study was conducted in Koga Irrigation and Watershed 
Management Area (KIWMA), at 11°21'30" N and 37°01'30" E 
(Fig. 1) within the Koga Basin in Mecha District of Amhara 
National Regional State (ANRS), northwestern Ethiopia. Eleva¬ 
tions in the watershed ranged from 1,750 to 3,200 m and the 
dominant soil type was Nitisol. The main rainy season extends 
from mid-June to mid-October with maximum rainfall between 
July and August. Mean annual rainfall is about 1,560 mm and 
mean annual temperature ranges between 16 and 20°C (FAO 
2001; Chanie et al. 2013). 

KIWMA was designed primarily to sustain food security in 
the area by harnessing the water resources of Koga River to irri¬ 
gate about 6,000 ha of the command area. The farming system 
was traditional with a mixed farming system that integrated crop 
and livestock, mostly cattle. Cultivation involved oxen-plowing 
with simple and shallow plows. The main crops grown in the 
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catchment were maize, finger millet, tef, barley and others in 
rotation. In addition to crop production, farmers in the KIWMA 
also cultivated woody plants. The fanners commonly established 
stands of Eucalyptus camaldulensis within their fannlands (Fig. 
2) followed by plantations along fann boundaries and main roads. 
They prefened E. camaldulensis because of its fast growth and 
high economic return though they perceive that eucalypts could 
lead to the exhaustion of productive lands (Chanie et al. 2013). 
In 2009-2010, following the inigation development program, 
farmers in the command area cleared and de-stumped large areas 
of E. camaldulensis stands for production of inigated crops with 
harvests of at least twice a year. 
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Fig. 1: Map of Ethiopia showing the study area. 



Fig. 2 : Partial view of Koga irrigation and watershed management area. 
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Study fanns and planting of crops 

Clear-felled E. camaldulensis stands (hereafter referred to as 
clear-felled), which replaced crop farmlands were chosen to 
examine whether they could be reused for annual crop produc¬ 
tion despite the perceived deterioration of productivity caused by 
eucalypt stands. The stands were in the first coppice of trees and 
the rotation age ranged from 5 to 6 years. They were manually 
weeded once during stand establishment and no fertilizer or her¬ 
bicides were used. Stand ages were 7-11 years and stand densi¬ 
ties ranged from 19,500 to 22,000 individuals-ha' 1 (Table 1). For 
comparison, adjacent farmlands, which were continuously used 
for crop production (hereafter referred to as croplands) were 
included in the study. Both clear-felled stands and croplands had 
similar land-use history prior to afforestation. 


Table 1: Stand characteristics and silviculture of the clear-felled E. 
camaldulensis stands at the sampled farmlands in the study area. 


Items 

Stand characteristics 

Silviculture 


Age 

(years) 

Density 
(stem ha" 1 ) 

Thinning 

pruning 

Litter fall 

removal 

Mean 

8 

20,300 

- 

- 

Range 

7-11 

19,500-22,000 

- 

- 

Silvicultural 

- 

- 

Absent 

Absent 

practices 






The test crops for this study were barley and finger millet. Barley 
was planted during 15-25 June 2011 and harvested around the 
end of November 2011. It was fertilized with 100 kg-ha' 1 DAP 
(Di-Ammonium phosphate: a water soluble compound fertilizer 
applicable to the nitrogen and phosphorous needs of various 
crops) and 25 kg-ha" 1 Urea (A white crystalline solid containing 
nitrogen which is used widely as a nitrogen fertilizer) at planting 
time. Finger millet was sown between 20 June and 10 July 2011 
and harvested towards the end of November 2011. It was fertil¬ 
ized with 150 kg-ha" 1 DAP at planting date. 

Experimental design 

Growth and yield of both test crops were surveyed on twelve 
paired farmlands (six for each crop), i.e. a total of twenty four 
experimental farmlands, each consisting of clear-felled and ad¬ 
jacent cropland with similar management practices (land prepa¬ 
ration, sowing date, fertilizer application, weeding intensity) and 
topography (slope and elevation). The farmland study sites had 
an average size of 0.27 ha. At each farmland site, three plots of 4 
m x 5 m were demarcated at randomly selected locations. Three 
subplots of 2 nr each were randomly chosen per plot for yield 
and growth measurements. The experimental design was com¬ 
pletely randomized block design with farmlands as replicate 
blocks. 


Data collection and analyses 

Growth in height and dry matter production were estimated nine 
weeks after sowing for barley and twelve weeks after sowing for 
finger millet. For both crops, eight plants from each subplot (n = 
72) were randomly chosen for measurement of height. Plant 
height was measured with a meter ruler from the ground level to 
the uppennost extended leaf tip. At the same time, a 1 m 2 area 
from each subplot was carefully uprooted and separated into 
belowground and aboveground parts and oven-dried at 80 °C for 
72 hours to estimate belowground and aboveground dry matter 
production. At crop maturity, the subplots (the remaining 1 m 2 ) 
were harvested by hand at ground level and, then, grains were 
sun-dried and dry grain weight values were converted to tons per 
hectare. 

Thirty fanner respondents who were growing the test crops or 
other crops in their clear-felled stands were chosen for interview. 
We used a semi-structured questionnaire to solicit from farmer 
respondent’s detailed infonnation regarding the effects on soil 
fertility and growth and yield of crops of reuse of former euca¬ 
lypt plantations. Fanners were asked the following questions: 
What changes did you observe in the growth of agricultural crops 
grown on the clear-felled stands and croplands? Did clear-felled 
stands or croplands give higher yield of agricultural crops? Did 
you perceive that replacing fannlands with eucalypts increased 
soil fertility? What were your previous perceptions about the 
effects of eucalypts planted on farmlands suitable for annual crop 
production? 

All statistical analyses were canied out using ANOVA (SPSS 
Version 16). Since there were no significant variations between 
farmlands with the same land-use, data were pooled and Students 
t-test was used to identify differences in growth and yield of the 
agricultural crops between land-use types (clear-felled versus 
adjacent croplands). Differences were considered significant at p 
<0.05. 


Results 

Plant height and dry matter production 

Land-use had significant effects on the growth of finger millet 
and barley. Averaged over all farmlands, both crops were sig¬ 
nificantly (p <0.001) taller (Fig. 3) and had significantly (p <0.01) 
higher biomass production (Table 2) in clear-felled stands than in 
croplands. The mean plant heights of finger millet and barley 
were (109.7±0.45) cm and (115.6±0.51) cm in clear-felled stands 
and 91.5±1.14 and 103.7±0.52 cm in cropland, respectively. The 
mean aboveground dry matter production of finger millet and 
barley was (20.76±0.48) and (6.36±0.06) t-ha" 1 in clear-felled 
stands and (13.96±0.37) and (4.34±0.06) t-ha' 1 in cropland, re¬ 
spectively. Finger millet and barley plants cultivated on the 
clear-felled stands had mean belowground dry matter production 
of (2.16±0.06) and (0.63±0.005) t-ha' 1 , compared with 
(1.36±0.04) and (0.47±0.008) t-ha' 1 belowground dry matter 
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production on croplands, respectively. 


Table 2: Effect of land use change on dry matter production (mean + SE) 
of barley and finger millet. 


Agricultural crops 

Land use 

Dry matter production (t-ha’ 1 ) 

Aboveground 

Belowground 

Barley 

Clear-felled 

6.36 ±0.06 

0.63 ± 0.005 


Cropland 

4.34 ± 0.06 

0.47 ± 0.008 

Finger millet 

Clear-felled 

20.76 ± 0.48 

2.16 ±0.06 


Cropland 

13.96 ±0.37 

1.36 ±0.04 


Crop yield 

Land-use had significant (p <0.001) effects on yield of finger 
millet and barley (Fig. 3). Mean yields of both crops were sig¬ 
nificantly lower in the croplands (mean = 2.31±0.24 t-ha' 1 for 
finger millet and 1.97±0.03 t-ha' 1 for barley) than in clear-felled 
stands (mean = 3.27±0.31 t-ha' 1 for finger millet and (2.91±0.02) 
t-ha' 1 for barley). 


3.5 



Finger millet Barely 


Agricultural crops 

140 r 



Finger millet Barely 

Agricultural crops 


Fig. 3 : Effect of land use change on height growth and grain yield of 
barley and finger millet (CF: clear-felled stands, CL: croplands). 

Fanners’ perceptions 

All fanner responses indicated higher growth and yield of finger 
millet and barley in clear-felled stands than in croplands (Table 
3). Farmers thought that afforesting farmlands with eucalypts 
increased crop productivity by improving soil fertility, a position 
that differed from their previous perception that eucalypts de¬ 
graded productive land suitable for annual food crop production 
(Chanie et al. 2013). 


Table 3: Farmers’ perception and their observation on the effect of land 
use change on soil fertility as well as growth and yield of barley and 
finger millet as stated by respondents in the study area (n = 30). 



Perceptions and changes observed in 

Proportion 

Characteristics 

clear-felled stands compared to crop¬ 

of respon¬ 


lands 

dents (%) 

Plant height 

Taller 

100 

Leaves 

Long, broad and deep green 

100 

Grain yield 

Higher 

100 

Soil fertility 

Increased 

93 

Maintenance of 

soil fertility 

Interest to plant 

For few successive harvests or pro¬ 
duction years 

87 

eucalypt on 

farmlands 

High 

90 


Discussion 

After five successive annual crop harvests, farmlands reclaimed 
from eucalypt stands increased growth and grain yield of finger 
millet and barley. Greater growth and yield after five successive 
annual harvests suggests that soil conditions did not deteriorate 
in farmlands reclaimed from eucalypt plantations. Our results are 
contrary to findings from previous studies. For example, 
El-khawas and Shehata (2005) and Forrester et al. (2006) re¬ 
ported accumulation of phytotoxins in soils under eucalypt plan¬ 
tations and resulting soil degradation and loss of soil productivity. 
Gindaba (2006) even proposed to discourage planting eucalypts 
on farmlands owing to long tenn site deterioration. Fanners in 
the study area also feared that the productivity of the reclaimed 
farmlands would not continue after a few successive harvests 
(Table 3). Their fear was influenced by their past perception that 
eucalypt trees were exhausting the once productive land (Chanie 
et al. 2013). 

Previous reports from the highlands of Ethiopia revealed in¬ 
creased soil nutrient status and organic carbon in sites planted to 
eucalypts. Lemma et al. (2006) found that total soil organic car¬ 
bon increased to nearly pre-deforestation levels in Eucalyptus 
grandis plantations during 20 years of establishment, after 20 
years of cultivation and 35 years of pasture. Hailu (2002) also 
reported improvement in total soil N following land use changes 
from cropland to eucalypt plantations in the highlands of Ethio¬ 
pia. Surprisingly, Alem et al. (2010) found improved soil nutri¬ 
ents and total carbon in E. grandis plantation compared with 
adjacent submontane rainforest in southwestern Ethiopia. Plant¬ 
ing farmlands with eucalypts can improve soil productivity 
through translocation of nutrients from deeper horizons to the 
soil surface (Tchienkoua and Zech 2004). Moreover, farmers in 
Koga watershed did not collect litter fall and this might have 
contributed to increased crop productivity. Guo et al. (2006) 
reported import of up to 24% total N uptake to the soil surface 
via litter fall in short rotation eucalypt forests. Gindaba (2003) 
recorded lower soil N and P concentrations 10 m distant from the 
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edge of the canopy as compared to beneath the canopy where 
litter fall accumulated. 

In the croplands, however, farmers collected crop residue for 
animal fodder, construction (as a component for making mud), 
fuel and sale (own personal observation and communication). 
This practice would certainly lead to loss of soil fertility in the 
agricultural field by reducing recycling of nutrients to the soil 
surface. According to Hailu (2002), potential macronutrient re¬ 
movals from the soil surface through harvesting of agricultural 
crops can exceed removals through wood biomass of eucalypt 
plantations. Crop residue removal would, therefore, contribute to 
the reduction of growth and yield of barley and finger millet in 
continuously cultivated croplands. 

Thirty farmer respondents also witnessed increased crop pro¬ 
ductivity in the farmlands reclaimed from eucalypt stands. The 
respondents cultivated various crops such as maize, potato, fin¬ 
ger millet and barley. According to their responses, growth and 
yield of barley and finger millet on the clear-felled stands were 
greater than on adjacent croplands. About 90% of the respon¬ 
dents indicated that because of improved productivity of farm¬ 
lands reclaimed from eucalypt stands and high economic return 
of eucalypt cultivation on farmlands, they were interested to 
increase planting of eucalypts on their farmlands. These farmers 
noted that increased costs of agricultural inputs especially 
chemical fertilizers and improved seeds, mounting shortages of 
wood for fuel and construction, and high labor costs had all con¬ 
tributed to shifting their interest toward eucalypt farming. Be¬ 
sides the high economic return from eucalypt fanning, the in¬ 
creased interest of fanners to plant eucalypts could also impact 
climate change mitigation through the removal of carbon from 
the atmosphere (Prasad et al. 2012) and fossil fuel substitution 
(Calfapietra et al. 2010). 

Farmers in the study area previously perceived that eucalypt 
trees were exhausting the once productive land (Chanie et al. 
2013) so they were not interested to accept farmlands afforested 
with eucalypts during land redistribution in 2009 following the 
inigation program. Now their perception has changed and they 
prefer stands afforested with eucalypts for food grain production. 
However, they were not yet sure whether farmlands reclaimed 
from eucalypt stands would remain productive for relatively long 
time periods compared with continuously cultivated croplands. 

Conclusions and recommendations 

Generally, the data collected in the field and farmers’ responses 
showed increased crop productivity in the clear-felled stands 
suggesting that farmlands that had been converted into eucalypt 
stands can be reclaimed for annual crop production. However, 
the controversy on eucalypts, especially their planting on farm¬ 
lands, continues. This calls for further studies of a wider range of 
Eucalyptus species, site conditions, management practices, mar¬ 
ket conditions and cost of removing stumps. Results of broader 
studies would help resolve controversies of land-use transforma¬ 
tion using eucalypts. This is important because eucalypt planta¬ 
tion forestry has played and continue to play a significant role in 


improving the livelihoods of rural communities, poverty reduc¬ 
tion, restoration of degraded lands and reducing the pressure on 
remnant native forests in the highlands of Ethiopia (Hailu 2002; 
Lemenih and Teketay 2004; Lemma et al. 2006; Kelemu and 
Tadesse 2010; Zegeye 2010). Moreover, carbon stocks of short 
rotation eucalypt fann forestry systems in the study area need to 
be evaluated because these can enhance mitigation of climate 
change through sequestration of atmospheric carbon (Prasad et al. 
2012 ). 
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